Objective: To develop a short-form version of the Quadriplegia Index of Function (QIF) that would be more practical to use than the original version. Design: Cross-sectional data collected at 6 months post spinal cord injury. Setting: Regional Spinal Cord Injury Center. Patients: Consecutive sample of 95 patients with tetraplegia, non-ambulatory at 6 months, admitted to a regional SCI center between December 1987 and August 1992. Methods: A short-form QIF was developed by using regression analysis to determine the best six items that would predict the sum of the 37 items selected from seven mobility and self-care categories of the original scale. This short-form QIF was evaluated for internal consistency and discriminant validity. Validity of the short-form QIF was assessed by correlation with motor scores and using analysis of variance by motor levels and motor score groupings. Results: Regression analysis identi®ed the following items as best predictors of the 37-item QIF score: (1) wash/dry hair, (2) turn supine to side in bed, (3) put on lower body clothing, (4) open carton/jar (feeding), (5) transfer from bed to chair, and (6) lock wheelchair. These items explained 99% of the variance in total scores. Short-form QIF scores (simple sum of the six best items) ranged from 0 to 24, with a median score of seven, interquartile range 0 ± 16. Item response patterns were largely dichotomous. Item-total correlations ranged from 0.60 to 0.80; Cronbach's alpha was 0.89. Spearman correlation coecient between upper extremity motor score and shortform QIF was 0.82. Analysis of variance indicated that the motor score groupings and motor levels accounted for 63 and 54% of the variance in short-form QIF scores, respectively. Post hoc analyses indicated that motor levels from C5 to T1 had dierent mean QIF scores, except for C7 versus C8. There may be ceiling eects for individuals with low level injuries. Conclusion: There is signi®cant redundancy in the QIF. Six items, selected from ®ve categories, yield results comparable to the 37-item QIF. The short-form QIF must next be assessed for sensitivity to change. A brief disability measure would improve data quality and completeness, and may permit ongoing collection of observational rather than self-report data.
Introduction
Evaluation of disability is important to document improvement in clinical and research settings. Disability status, as measured by the Functional Independence Measure (FIM SM ), 1 is a major component of the Function Related Groups, a classi®cation system being evaluated as the basis for a prospective payment system for rehabilitation. 2 The third National Acute Spinal Cord Injury Study (NASCIS) 3 added FIM measures to its design because of questions regarding the clinical signi®cance of motor score changes in the treatment group.
Given the decreasing lengths of stay for patients, it is important to be able to assess disability across settings. For research studies such as the NASCIS trials, it would be preferable to have a capacity measure of disability rather than a performance measure. Performance may lag behind capacity for reasons such as environmental barriers, lack of appropriate equipment, or diering expectations in the home versus the therapy setting. 4 The FIM is a performance measure, and is collected by observation in the inpatient setting, but by self-report or report of a caregiver or family member after discharge. It would be impractical to observe the entire set of activities that comprise the FIM in a research trial or outpatient clinic. Self-reported measures may underestimate 5 or overestimate 6 ability when compared to observed functioning. A valid and reliable brief disability measure would make it practical to observe actual capacity, and would assist in evaluating rehabilitation interventions where performance is inhibited by attenuating factors.
The Quadriplegia Index of Function (QIF) was developed in 1980 to provide a sensitive functional scale for measuring gains in individuals with tetraplegia during rehabilitation. 7 The QIF evaluates ten areas of self care and mobility: transfers, grooming, bathing, feeding, dressing, wheelchair mobility, bed activities, bladder program, bowel program, and understanding personal care. The ®rst seven areas are assessed by several items that are scored on a 5-point scale. A comparison of FIM and QIF item scoring is found in Table 1 . Bowel and bladder programs are scored using criteria speci®c to the type of program used. Understanding personal care is assessed via multiple choice questions covering ten content areas. The scale has received little attention in the research literature and has not been adopted by rehabilitation centers since its release. This is due in part to the diculty in administering and scoring the QIF. There is a complex weighting system for calculating category scores from item scores. Importantly, not all items are applicable throughout the period of rehabilitation, particularly when the rehabilitation program extends to the home and outpatient arenas. For example, the feeding item`p repare simple meals' is not applicable for a hospitalized patient, and the dressing item`don upper, heavy outdoor clothes' is not pertinent in the summer. These factors, coupled with a lack of scoring instructions in the case of missing items, limit the utility of the scale for measuring changes in function.
There are, however, advantageous features of the QIF compared to other disability measures such as the FIM. An important dierence is the`item scoring' structure of the QIF compared to the`category scoring' structure of the FIM. The QIF items for selected categories can be seen in Figure 1 . The QIF 8 and the QIF gives appropriate credit for performing them. An individual must perform all of these tasks to score above a`5' for Eating on the FIM. Therefore the QIF item scoring method allows for ®ner discrimination in feeding function than the FIM. Compared with the FIM, the QIF feeding score shows a higher correlation to the degree of motor impairment, as measured by the American Spinal Injury Association (ASIA) upper extremity motor score, in individuals with tetraplegia (Spearman rho=0.90 versus 0.53). 9 The QIF also has considerable discriminant redundancy. Previous work at the institution of one author suggests that items within self-care and mobility categories of the QIF can be reduced from 45 to 24 without losing discriminating information (unpublished data). This property follows from the multiple measures of the same trait. For example, there is little dierence in the functional requirements for`use a spoon or fork' and`brush teeth'. This multitrait property provides an opportunity for further item reduction, if an item is considered without regard to its originally de®ned category.
Methods
The data used in this project were collected from a single center in a prospective research project to document neurological and functional recovery after spinal cord injury. Subjects were enrolled in this study between December 1987 and August 1992. Trained technicians performed serial manual muscle testing (MMT) on subjects at admission, monthly for 6 months, and at 12 months, using the ASIA standards. 10 Disability information was collected at 1, 2, 3, 6 and 12 months post injury using 45 items from the self care and mobility categories of the QIF, namely transfers, grooming, bathing, feeding, dressing, wheelchair mobility, bed activities ( Figure 1 ). The QIF data was collected by in-person interview of subjects. The study excluded patients with concomitant upper extremity fractures, head injuries, or psychiatric disturbances that interfered with MMT or QIF testing.
Subjects included 95 of 99 patients from the database with tetraplegia on initial evaluation, who were non-ambulatory at 6 months post injury. Subjects with limited ambulatory ability (exercise or household only) were included. Ambulatory subjects were not included because the QIF assesses only wheelchair mobility, not walking. Data from four patients were eliminated because of incomplete data.
The present investigation utilized 6-month neurological and disability information from the database. The 6-month time period was chosen because by this time most subjects had completed rehabilitation and were no longer wearing orthopedic appliances (eg Halo orthoses, cervical collars). Using initial and 6-month neurological data, motor levels and Frankel grades were assigned to each subject in accord with the 1992 ASIA standards. 11 The motor level is de®ned as the most caudal segment of the spinal cord with normal motor function, and is determined separately for the right and left sides of the body. An upper extremity motor score (UEMS) was calculated for each subject by adding the scores of the ten key upper extremity muscles.
Data cleaning and item reduction of the QIF involved several steps. As noted above, only a subset of the original QIF categories were used in the database. The categories`bowel program' and bladder program' were not used because the criteria would not be consistent across time periods. The category`understanding personal care' was not collected since it was not related to motor functioning, and would not discriminate among levels of injury. This left 45 items in seven categories for further analysis. Next, item endorsement was assessed. Eight items with a large proportion of missing responses were identi®ed, including two genderspeci®c items from the grooming category (shaving, managing tampons). These eight items were dropped, leaving 37 items in the database ( Figure 1 ). For these items, values for missing or non-applicable responses were imputed. Imputed values were determined by decision rules established prior to data analysis. These rules attempted to match the structure of the QIF. For example, the score for`use spoon/fork' was used if brush teeth' was missing. If no acceptable substitute was available, the average of the other items in that category was used. Imputed values represented only 2.7% of the QIF data.
Thirty-seven items were reduced to six items using regression analysis. Prior work had suggested that the six feeding items might be able to discriminate among the various levels of tetraplegia. 9 However, it was felt that the items in the feeding category might not contain a sucient range of diculty for all levels of tetraplegia. Regression analysis was employed as a tool for item reduction, to identify the best six items without regard to original category. Six items were chosen to correspond to the number of items retained in the feeding category, and represented a ratio of the number of subjects to the number of predictor variables of approximately 15 : 1(90/6), which is adequate for prediction purposes.
The regression approach chosen for exploratory model building was to identify the six items which provided best prediction of the 37-item QIF scores, where best prediction was interpreted as providing the highest squared correlation between the predicted 37-item QIF scores and the observed 37-item QIF scores. The 37-item QIF score was taken as the dependent variable in the model, and represents a summatedrating score while the independent variables were the 37 individual items. The summated-rating score was assumed to represent a continuous variable on an interval scale, and each of the individual independent predictors were considered given values of an underlying continuous interval scale. The exploratory regression model, with these assumptions, was implemented using the regression procedure in SAS (Cary, NC, USA) with the best option for variable selection. The regression model was constrained by omitting certain items from the analysis. Because the transfer items were highly correlated, only`transfer bed to chair' was included in the model. Transfers to/ from vehicle were not included because of anticipated diculty observing this activity in most settings, and transfers to/from toilet because this activity is sometimes not applicable due to architectural barriers. One other item,`maintaining sitting balance', was excluded because of anticipated diculty objectively scoring this activity.
A separate regression analysis was performed to predict 37-item QIF score (sum of 37-item-scores) using either the best six items or the feeding items. An examination of residuals was performed to determine how closely predicted scores matched actual values. A short-form QIF was obtained by summing the scores of the six best items. For the sake of simplicity, it was decided not to weight the items, as had been done in the original QIF.
Psychometric assessment of short-form scale Distribution of item responses, and means and standard deviations (SD) of the best six items were examined. Ideally, item responses should be approximately normally distributed. Large deviations from a normal distribution call into question the meaning of average scale scores, and suggest that the response structure should be examined. Outlier items, de®ned as items whose mean value was two SD above or below the average item mean, were identi®ed. Items with outlier SD were similarly identi®ed. Items with low or high means and small SD may indicate a ceiling or oor eect. Internal consistency was examined using Cronbach's alpha 12 and item-total correlations. The value for Cronbach's alpha should be above 0.70 13 However, values above 0.90 suggest a high level of redundancy in the scale.
14 An item-total correlation, which is the correlation of an item score with the sum of the remaining items, should be above 0.20. 14 To test the discriminant validity of the scale, the 6-month MMT data was used. The correlation of the UEMS with the short-form QIF was determined. Mean short-form QIF scores were calculated for each motor level, using the best motor level (BML) in each subject. 15 For this analysis, the C4 and C5 levels were combined and unilateral motor levels greater than T1 were grouped with the T1 data. Subjects were also arranged into ®ve groups based on UEMS scores (0 ± 10, 11 ± 20, etc.), and mean QIF scores were calculated for each group. Analysis of variance was used to compare the amount of variability of short-form QIF scores explained by the motor groupings. Post-hoc comparisons of dierences in mean QIF scores among motor levels or motor score groups were made using Fisher's least-signi®cant-dierence test. Because motor incomplete subjects may have less variability in disability across levels, 16 the validity analyses were repeated using only the 76 motor complete subjects. To check the decision not to weight the individual items for the short-form QIF, the analysis of variance was repeated using the motor level and motor score groupings and a weighted QIF. The weightings were those derived from the regression analysis (Table 2 ). All analyses were performed using SAS version 6.08 (SAS Institute, Cary, NC, USA).
Results
The subjects included 85 men and 10 women, ranging in age from 16 ± 68 years (mean=31.2, SD=13.2). Initially there were 60 subjects classi®ed as Frankel A, 23 B, 11 C and 1 D. At 6 months there were 57 Frankel A subjects, 19 B, 7 C and 12 D. None of the Frankel D subjects were community ambulators. The 6-month motor score in the upper extremities ranged from 2 ± 50, with a mean of 23.4 (SD=13.4), while the 37-item QIF scores spanned the entire range from 0 ± 148, with a mean of 55.6 (SD=50.0) and a median score of 42. Although all subjects initially were classi®ed as tetraplegic, four recovered normal strength in all upper extremity key muscles by 6 months. Three of these subjects had 6-month sensory levels below T1, and would be classi®ed as paraplegic at this time.
Regression analysis of individual items to predict 37-item QIF score (sum of 37 item scores) was performed using a subset of QIF items, as described in the Methods. The regression analysis identi®ed the following six items as best:
(1) wash/dry hair, (2) turn supine to side in bed, (3) put on lower body clothing, (4) open carton/jar (feeding), (5) transfer from bed to chair, and (6) lock wheelchair.
Regression analysis indicated that these items explained 99% of the variance in total scores ( Table 2 ). The QIF scores using the regression coecients (Table 2) were within ten points of actual values in 80 of 95 subjects (84%), and within 15 points in 90 of 95 (95%). In comparison, regression analysis using the feeding items explained 96% of the variance in 37-item QIF scores. However on an individual basis errors were larger using the feeding items. Only 59 of 95 subjects (62%) had predicted scores within ten points of actual values, and only 75 had scores within 15 points. The Spearman correlation coecient between the shortform QIF score and 37-item QIF score was 0.978. Each of the six items was positively correlated with the 37-item QIF score (Table 3) .
Item score distributions, medians, means and SD are given in Table 4 . Score distributions were generally bimodal, with the most frequent score being either 0 or 4. Item means ranged from 0.79 ± 2.64, and SD ranged from 1.53 ± 1.86. There were no outlier items.
Scores for the short-form QIF ranged from 0 ± 24, with a mean of 9.0 and SD of 8.3 The median score was seven, with an interquartile range from 0 ± 16. Item-total correlations for the short-form QIF ranged from 0.60 ± 0.80. The value for Cronbach's alpha was 0.89.
Spearman correlation of the UEMS with the shortform QIF was 0.824. Discriminant validity of the short-form QIF was generally supported by the progression of scores by motor level (Table 5 ) and motor score ( Table 6 ). The mean score increased with each motor level, except for C7 and C8, which were similar. For the motor score groups, mean QIF scores were signi®cantly dierent for all pairs of groups except groups`21 ± 30' compared to`31 ± 40'. Analysis of variance indicated that the BML grouping explained 54% of the variance in short-form QIF scores. The UEMS grouping explained 63% of the variance in short-form QIF scores. Use of a weighted QIF score did not improve the amount of variance explained.
When the analysis was limited to the 76 motor complete subjects, the BML and UEMS groupings explained 61 and 66% of the variance in QIF scores, 2.5 (4.4) 7.4 (6.5) 13.6 (6.7) 13.1 (7.0) 21.0 (4.9) 30 20 11 6 9 2.2 (3.9) 6.5 (6.0) 11.5 (6.1) 14.7 (6.3) 21.0 (5.4) *All pairwise values dier except for C7:C8, by Fisher's least-signi®cant-dierence test respectively (data not shown). While there was a greater separation of mean QIF scores between subjects whose BML was C7 versus C8, this difference did not reach statistical signi®cance. There was little variability in scores for the T1+ BML group; 75% of the scores were between 22 and 24.
Pro®les of ability to perform QIF items without assistance (item score 3 or 4) by BML are presented in Table 7 . These results indicate that there is a hierarchical structure to the short-form QIF. The number of items completed by at least half the subjects increases with successive BML, ranging from no items for C5 individuals to all six items for T1 individuals. For each item, the per cent successful increases with each level except for the C8 group, which may have insucient numbers for an accurate assessment. Examining the distribution of short-form QIF scores by BML, three outlier subjects were found. The ®rst was an 18 year old male with a Frankel B, C5 motor level bilaterally and an UEMS of 17, who was unusually functional for his level (short-form QIF 17 out of 24). His motor score is more typical of a C6 injury, which may explain his high level of functioning. The second outlier patient was a 29 year old female with an asymmetric injury, motor level T1 on the right, C6 on the left, and UEMS of 43, who was hopsitalized at the time of the 6 month assessment. Her lower than expected QIF score (7 out of 24) may have been due to the hospitalization. Unfortunately, she did not return for a 12 month assessment. The third outlier was a 56 year old gentleman, Frankel D, with a motor level of C5 on the left, C4 on the right, and an UEMS of 33.5. His short-form QIF score of 16 is high for his motor level, but not unusual for his UEMS.
Discussion
The results of this study demonstrate that a short-form QIF, consisting of six items, can be constructed that provides discriminatory disability information in nonambulatory individuals with tetraplegia. Six items explained 99% of the variance of the 37-item QIF score. The short-form OIF retains good internal consistency characteristics with less redundancy.
Item score distributions were non-normal, suggesting that summed scores may not be ideal. A dichotomous response structure may be indicated. However the exact cut-point is unclear. For certain items the`independent with devices' response was endorsed relatively often, while for others thè assistance needed' option was selected (Table 4 ). In addition, responses that are less frequently selected at 6 months may be more frequently endorsed at dierent time periods. Therefore it is premature to recommend a reduced response structure for QIF items.
The original QIF used weightings of individual items to determine a total score. No rationale for the weightings was given in the original article describing the QIF. 7 In this study, use of item weights did not add to the ability of the short-form QIF to discriminate among individuals based on motor level or motor score. These ®ndings support the decision not to weight items, thereby simplifying use of the short-form QIF.
The short-form QIF was unable to dierentiate between individuals with C7 and C8 tetraplegia. This may be due to the small number of subjects in the C8 group, or a lack of appropriate discriminating items. There were only seven subjects in the C8 BML group. The pro®le of scores by level (Table 7) indicates that for several items performance of the C8 group lagged that of the C7 group. Zafonte et al 8 found that all ®ve subjects with a BML of C8 could open containers independently, compared to two out of seven in this study. This suggests that the C8 individuals in this study may not have been typical of individuals with C8 BML. Data from the model SCI systems suggests that the FIM can dierentiate between these two levels. Mean discharge FIM scores in the National SCI database were 53.2 for individuals with C7 injuries and 65.1 for those with C8 level lesions. 16 The high mean score for subjects whose BML is T1 suggests that there may be a ceiling eect for individuals with low level tetraplegia, particularly those with minimal de®cits who would be expected to fully recover strength in the hand muscles. An item of greater diculty may be necessary for the shortform QIF to detect improvement in this group.
Previous work using the feeding category of the QIF demonstrated increased sensitivity over the FIM in discriminating individuals with various levels of tetraplegia. 9 The`set up' items in the feeding category ± cut food, open carton, etc ± have been shown to distinguish between some levels of tetraplegia. 8 It was hypothesized that the feeding items alone might be able to replace the entire QIF. However, the results of this study indicate that the feeding items do not contain an adequate distribution of diculty to substitute for the QIF. While the total amount of variance explained was similar using the feeding items or the best six items, on an individual basis large deviations of predicted scores from true scores were more common using the feeding items. Rather, selecting items from several dierent categories improves the accuracy of disability estimation.
Further work must be done before the reduceditem QIF can be recommended for assesssment of disability. This study looked at one time period, namely 6 months post injury, to reduce the QIF items. Assessment measures can be used for either discriminative or evaluative functions. A discriminative instrument seeks to distinguish between individuals at a given point in time; an evaluative instrument seeks to identify change within individuals over time. 17 Items may be better suited for one or the other purpose. For example, the ability to walk can discriminate between those with AIS grade A and AIS grade D SCI. However, walking ability would not be a good evaluation item for those with AIS grade A injuries, because ability to walk would not be expected to change within this group.
Conclusion
There is considerable redundancy in the QIF. Six items, selected from ®ve categories, yield results comparable to a 37-item scale. Further work is needed to determine if the same items evaluate change eectively, and if addition of a few more items would improve discriminative ability. Using a limited number of items to assess disability should improve data quality and completeness, and may permit ongoing collection of observational rather than self-report data.
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